Using magnetic resonance tissue tagging by SPAMM, we compared intramyocardial circumferential and longitudinal segment shortening in healthy volunteers and in patients with hypertrophic cardiomyopathy (HCM). We hypothesized that the regions most affected by the hypertrophic process, the septum and the base, would manifest reduced function relative to healthy subjects, whereas function in other regions in HCM would be similar to that in healthy subjects.
Methods Patient Population
We studied 10 patients with HCM documented by echocardiography (age range, 16 
Imaging Protocol
Cardiac gated imaging was performed on a 1.5-T magnetic resonance imaging system (General Electric Signa) with the subject supine. An initial set of single-phase, multislice, spinecho, coronal scout images was obtained to define the long axis of the LV from midmitral orifice to apex. Imaging parameters Multislice, multiphase, short-axis, SPAMM spin-echo images were obtained from end diastole, defined at 13 milliseconds after the R-wave peak, to end systole. Four short-axis slices (Fig 1) spanning the entire LV were imaged at four or five time instances with an intersequence delay adjusted to ensure that the last image coincided with end systole as defined by the cine series. A long-axis, multiphase image series was then acquired perpendicular to the imaged short-axis planes and perpendicular to the midseptum and lateral left ventricular wall (Fig 2) . Four different from other regions. In control subjects, there were no differences in circumferential end-systolic %S between regions ( Table 2) .
The mean values of endocardial, midwall, and epicardial circumferential end-systolic %S in control subjects and patients are summarized in Tables 2 and 3 . Septal and inferior circumferential end-systolic %S was lower in patients than in control subjects in each location along the LV long axis except the most apical slice, where septal and lateral functions were depressed but inferior function was not. In patients with HCM, there was a gradient of increasing circumferential end-systolic shortening in the lateral region from apex to base. However, basal lateral end-systolic %S was not different from that of healthy subjects.
In healthy subjects, as previously reported,6 there was a gradient of decreasing circumferential end-systolic %S from endocardium to epicardium in all four regions around the LV short axis ( Table 4 ). The same transmural gradient in function at end systole was found in all four regions in patients with HCM (Table 5) .
To evaluate the time course of circumferential shortening, the average value for shortening from all regions and levels were compared at each of four systolic time intervals (Table 6 ). In healthy subjects, a stepwise increase in segment shortening was found. Conversely, in HCM, most of the shortening occurred early in systole, and the difference between phases decreased with each successive point in systole (Table 6 ). The time course of circumferential shortening in the septum is shown in Figure 6 . In healthy subjects, a stepwise increase in shortening throughout systole was seen, whereas in patients with HCM, more than half of cumulative end-systolic shortening occurred in early systole, and no shortening occurred in the last phase of systole. Similarly, in the lateral wall in HCM, much of shortening occurred early in systole as it progressed from 7±3% at early systole to 15+±5% at mid systole to 18±5% at late systole to 19±5% at end systole (ANOVA, P<.0001). In the lateral wall of healthy subjects, the time course of shortening was a stepwise progression, similar to that found in the healthy subjects septum.
Intramyocardial Longitudinal Shortening
The analysis of longitudinal shortening, all at end systole, within the septum in healthy subjects and patients is demonstrated in Fig 7. Basal longitudinal shortening was significantly lower in patients than in control subjects (0±5% versus 12±6%, P<.001). Systolic lengthening of some basal segments in the longitudinal direction in some patients accounted for the finding of 0% mean shortening. No significant differences between the two groups were seen at more apical levels, although a trend toward lower %S in HCM patients was present. Within the group of healthy subjects, there was no gradient in longitudinal %S from apex to base. Within the group of patients, longitudinal %S was significantly lower at the base than in the more apical regions (9±12% and 9±10% in the mid ventricle and apex, respectively). In contrast, within the lateral free wall, there were no differences in longitudinal %S between or within groups of patients and control subjects (Table 6 ).
Discussion
In the present study, patients with HCM demonstrated reduced intramyocardial circumferential endsystolic shortening in the septum as well as in the inferior and anterior regions compared with healthy subjects. End-systolic shortening was reduced compared with healthy subjects at all levels from apex to base. In HCM patients, septal and inferior wall circumferential end-systolic shortening values were the most depressed. The transmural gradient in circumferential end-systolic shortening that was seen in healthy volunteers was also seen in patients with HCM. Most of the total cumulative circumferential shortening occurred earlier in systole in patients with HCM compared with control subjects, especially within the septum. Intramyocardial longitudinal end-systolic shortening was depressed in the basal septum compared with healthy controls and with more apical regions in HCM patients. Lateral longitudinal Pouleur et al8 found end-systolic stress in patients with HCM with supranormal ejection fraction to be lower than in healthy subjects. They demonstrated reduced slopes of force-length, force-velocity, and late systolic stress-volume curves. These investigators suggested that contractility is depressed in HCM patients despite an increased ejection fraction. Betocchi et a19 evaluated regional wall motion in 22 patients with HCM using ventriculographic techniques and found asynergy in regional contraction in 82% of patients with HCM. They detected increased wall motion in the anterobasal, anterior, anteroapical, and inferoapical regions in the right anterior oblique view and in the lateral and posteroapical regions of the left anterior oblique projection. However, their analysis was limited by the nature of the technique to changes in regional areas circumscribed by endocardium, essentially a measure of endocardial translation and not intramyocardial function. To evaluate segmental function in the setting of concentric hypertrophy, Shimizu et al10 used cineangiography and an ellipsoid model of the LV as an indirect means to assess midwall fiber length transients, assuming nonuniform transmural thickening. They found reduced midwall shortening and mean systolic circumferential stress in patients with LV hypertrophy and an increased LV mass index. To track three-dimensional intramyocardial motion in vivo, in one study3 investigators implanted radiopaque markers at the time of surgery in patients with LV hypertrophy secondary to aortic stenosis. These investigators demonstrated reduced circumferential and longitudinal shortening.
Magnetic resonance imaging was initially recognized as a powerful method to measure wall thickness in patients with HCM.1112 More recently, magnetic resonance tissue tagging has been used to examine segmental function in hypertrophied hearts. Using techniques similar to ours, Palmon et a113 evaluated intramyocardial shortening in hypertensive patients with mild concentric LV hypertrophy with normal pump function. They found reduced end-systolic circumferential shortening at all transmural levels in hypertensives compared with healthy subjects. Mean shortening was more reduced in patients with HCM in our study than in patients with hypertensive LV hypertrophy in Palmon et al's study (21±7% versus 29±6% in the endocardium, 15±5% versus 20±6% in the midwall, and 11±4% versus 13±5% in the epicardium). Like patients with HCM, patients with hypertensive LV hypertrophy demonstrated a preserved transmural gradient and no apexto-base gradient in shortening. Circumferential endsystolic %S was least in the inferior wall and septum and maximal in the lateral wall, as it was in patients with HCM. Longitudinal %S was likewise uniformly depressed in hypertensives, more at the base than at the apex. These similarities between patients with hypertensive LV hypertrophy and those with HCM suggest that 
